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Measurement of Transmembrane Voltage using the Fluorescent Sensitive
Dye Annine-6
Aude Silve, Sarah Rocke, Ralf Stra¨ßner, Wolfgang Frey.
Karlsruhe Institute of Technology, Karsruhe, Germany.
Intense electric pulses are known to induce several effects on biological cells
and membranes. Among the different effects, membrane electropermeabilisa-
tion has been the most studied during the past decades. Until today, electroper-
meabilisation was reported for all tested pulse duration: from nanoseconds to
milliseconds.
It is well accepted that electropermeabilisation is triggered by a modulation
of the transmembrane voltage which is itself induced by the electric field.
The high induced transmembrane voltage results in high electric field in
the membrane. Under such a physical stress, cell membrane becomes perme-
able reversibly or irreversibly, depending on the strength of the stress. We
propose in this study to measure the transmembrane voltage induced by an
external electric field. The measurement of the transmembrane voltage is
based on the fluorescence emitted by a voltage sensitive dye, ANNINE-6,
which incorporates in cells membrane. We specifically address in this
work the impact of one single pulse of 100 ms on the mammalian cell line
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One of the primary ways in which cells interact with their environments is by
release of extracellular vesicles. These cell-derived submicron sized containers
are formed either from the cell plasma membrane (microvesicles) or secreted
from multivesicular bodies (exosomes). These vesicles contain nucleic acids
and proteins that have been suggested to play an important role in intercellular
signaling and the process of molecular communication between cells. In
microvesicle-mediated intercellular communication, vesicles released by a
donor cell must bind to the plasma membrane of a recipient cell in order to
deliver their cargo to the target. Despite the important physiological role of
vesicle-plasma membrane fusion and vesicle endocytosis, the details of the
physical interactions between microvesicles and the plasma membrane are still
poorly understood. To better understand the forces which occur between micro-
vesicles and cells, we experimentally investigate single liposome binding events
with a supported lipid bilayer. We employed total internal reflection fluores-
cence (TIRF) microscopy to observe liposome interactions with a supported
lipid bilayer, and compare the experimentally observed bond lifetimes to the
theoretical estimates. Our experimental observations indicate that bond life-
times increase with both increasing liposome size and decreasing temperature.
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In a recent publication (Gudlur et al., (2012) PLOS ONE, 7 (9) e45374), we
described a nano-capsule made from the assembly of a mixture of two
poly-cationic branched amphiphilic peptides bis(FLIVI)-K-K4 and bis(FLI-
VIGSII)-K-K4 that have a molecular architecture analogous to that of phos-
pholipids. These peptides self-assemble in water to form hollow structures
capable of trapping solutes. The ability of these peptides to assemble into
bilayer-delimited spheres is a function of the unique nature of these peptide
sequences - that reversibly transition from an alpha helical conformation in
2,2,2-Trifluoroethanol, to a beta sheet in water. These flexible capsules possess
many of the properties of phospholipid vesicles such as fusion, solute encap-
sulation and an ability to be resized by membrane extrusion through polycar-
bonate filters with defined pore sizes. Here, we demonstrate the biophysical
characteristics of these nano-capsules; including, their mode of assembly,
the properties of the bilayer defined by the branched hydrophobic sequences,
high thermodynamic stability, kinetics of fusion, and their ability to retain their
cargo in cellular systems for an extended duration of time without any apparent
degradation. The capsules can - like their lipid counterparts - not only be re-
sized, but also maintained there at by reducing the temperature to 4 C, owing
to what appears to be a temperature dependent conformational transformation.
Moreover, these biomaterial constructs seem to retain their structural integrityeven when subjected to alpha particle emissions. The versatility of these pep-
tide nano-capsules lies in our ability to modify the individual peptide se-
quences with ligands and molecular markers; making these constructs
potentially desirable as biocompatible vehicles for the targeted delivery of
cargo into the cells.
Biophysical Society Conference 2014.
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Membrane fusion or fission are ubiquitous processes that allow cells to incor-
porate material from extracellular space, secrete matter into the environment or
even merge.
Models of fusion suggest that the rate limiting step in the fusion process is the
bending of acyl chains into the water barrier separating the apposed mem-
branes. This phenomenon is called lipid splay and is thought to precede fusion
stalk formation.
Although lipid splay has been observed in several molecular dynamics simula-
tions it has not previously been detected experimentally.
We investigate the splay ionduced by LV peptides. These peptides have previ-
ously been characterized in terms of their differential backbone dynamics and
fusogenicity in our laboratory [1]. The peptides LV16 and L16 were reconsti-
tuted in small unilamellar vesicles comprising three different phospholipids.
We established a fluorescence dequenching method that allows us to discrim-
inate between splay efficiencies of these phospholipids in the model liposomes.
The results of the splay assay showed that phosphatidyl choline splay exceeds
splay of phosphatidyl ethanolamine or phosphatidyl serine. These results were
observed for both the LV16 and the L16 peptide.
Furthermore, peptide-lipid interaction was assessed using brominated lipid as a
quencher for tryptophan fluorescence of the peptides. The results of our
peptide-lipid interaction assays showed that phosphatidylcholine binds more
strongly to both the LV16 and the L16 peptides compared to phsophatidyl etha-
nolamine or phosphatidyl serine.
Due to our peptide-lipid interaction and splay assay results, we assume that
phosphatidylcholine plays a key role in the fusion process.
Literature
Reference
[1] Quint et al., Residue-Specific Side-Chain Packing Determines the Back-
bone Dynamics of Transmembrane Model Helices, Biophysical Journal, 99,
2010.
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Alternate Splicing of Dysferlin C2A Confers Ca2D-Dependent and Ca2D-
Independent Binding for Membrane Repair
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Dysferlin plays a critical role in the Ca2þ-dependent repair of micro-lesions
that occur in the muscle sarcolemma. Of the seven C2 domains in dysferlin,
only C2A is reported to bind both Ca2þ and phospholipid thus, acting as a
key sensor in membrane repair. Dysferlin C2A exists as two isoforms, the
"canonical" C2A, and C2A variant 1 (C2Av1). Interestingly, these isoforms
have markedly different responses to Ca2þ and phospholipid. Structural and
thermodynamic analyses are consistent with the canonical C2A domain as a
Ca2þ-dependent, phospholipid-binding domain, whereas C2Av1 would likely
be Ca2þ-independent under physiological conditions. Additionally, both iso-
forms display remarkably low free energies of stability, indicative of a highly
flexible structure. The inverted ligand preference and flexibility for both C2A
isoforms suggest the capability for both constitutive and Ca2þ-regulated
effector interactions, an activity that would be essential in its role as a mediator
of membrane repair.
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Inositol pyrophosphates such as IP7 (5-diphosphoinositol pentakisphosphate)
are highly energetic inositol metabolites containing pyrophosphate bonds.
While IP7 are known to regulate various biological events like metabolism,
the molecular site of IP7 action in vesicle trafficking remains elusive. Here,
we showed that IP7 potently inhibits synaptic vesicle exocytosis in both invitro
reconstitution and cell culture settings. IP7 was identified as a high-affinity
ligand for synaptotagmin 1 (Syt1), a calcium sensor essential for membrane
fusion. Interactions of IP7 with Syt1 reduced the binding between Syt1 and
Ca2þ as well as endowed Syt1 with its own negative effect, thereby suppressing
Syt1 activation. These findings reveal a role of IP7 as an inhibitor of the exocy-
totic pathway and expand our understanding of the signaling mechanisms of
inositol pyrophosphates.
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C2B Domain in Synaptotagmin I Induces Membrane Bending Only After
Conformational Change
Zhe Wu, Schulten Klaus.
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Neuronal exocytosis is mediated by a Ca2þ-triggered membrane fusion event
that joins synaptic vesicles and presynaptic membrane. In this event, synapto-
tagmin I plays a key role as a Ca2þ sensor protein that binds to and bends the
presynaptic membrane with its C2B domain and, thereby, triggers membrane
fusion. We report free energy calculations according to which C2B-induced
membrane bending is preceded by a Ca2þ- and membrane-dependent confor-
mational transition, in which C2B attaches to the membrane, moves its C-ter-
minal helix from the orientation seen in the membrane-free crystal/NMR
structures as pointing away from the membrane (helix up), to an orientation
pointing towards the membrane (helix down). In the C2B ‘‘helix down’’ state,
lipid tails in the proximal membrane bilayer leaflet interact with the moved he-
lix and become disordered, while tails in the distal leaflet, to keep in contact
with the proximal leaflet, become stretched and ordered. The difference in lipid
tail packing between the two leaflets results in an imbalance of pressure across
the membrane and, thereby, causes membrane bending. The lipid disordering in
the proximal membrane leaflet should facilitate Ca2þ-triggered membrane
fusion.
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A balance between mitochondrial membrane fusion and fission is required for
normal mitochondrial morphology and function. Shifts in mitochondrial
morphology as a result of changes in the balance of membrane fusion and
fission accompany cellular differentiation and changes in metabolic state. It
is thought that the severe, early-onset peripheral neuropathy Charcot-Marie-
Tooth type 2A disease is a manifestation of mitochondrial fusion malfunction
as a result of a mutation of one of the two human mitofusins, mitofusin 2. Our
aim is to reveal the mechanism by which mitofusins cause membrane fusion.
Both mammalian mitofusins contain a large GTPase domain at their N-termi-
nus followed by two transmembrane domains and a short C-terminal domain. It
is predicted that GTP hydrolysis and mitofusin conformational changes are
coupled to membrane fusion. However, the precise mechanism for mitofusin-
mediated membrane fusion remains an open question. In fact, it is still un-
known if mitochondrial outer membrane fusion proceeds through the canonical
steps of tethering, docking, fusion, and disassembly. To gain insight into the
conformational changes that lead to membrane fusion we are examining the
structure of mitofusins in a lipid bilayer. As two-pass transmembrane proteins,
mitofusins have proven difficult to express and purify in their full-length state
and are poor candidates for crystallography. Here we present a purification
strategy and the first cryo-em images of full-length mitofusins in a lipid bilayer.
In addition, we show that mitofusins tether proteolipsosomes by forming olig-
omers that interact in trans between synthetic membranes. This implies that mi-
tofusins are sufficient for driving the first step of membrane fusion.
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Within neural cells, synaptic vesicles carry neurotransmitters (signaling
molecule) through the plasma membrane. In order to do so synaptic vesiclesmust fuse with the plasma membrane, so that the enclosed neurotransmitter
can cross it. Typically, without fusion proteins membrane fusion occurs on a
very long time scale. However, it has been established that the fusion occur
via fusion proteins (FPs), which initially are bound to one or both of the
fusing membranes via a trans-membrane (TM) helix, utilize energetically
favorable conformational transitions to lower the activation energy for mem-
brane fusion, and thus are key participants in shaping the energy landscape
by facilitating bilayer-bilayer apposition and dehydration as bilayers come
into more intimate contact. It is also widely accepted that the trans-
membrane (TM) part of the FPs has vital role in governing the fusion, fusion
does not occur if TM is replaced with lipid molecules. In order to understand
how the TM segment of FPs facilitates membrane fusion, we used a model
protein that mimics mostly the TM part of the FPs, of similar dimensions
to an a-helix. In doing so, the length of the model protein was chosen to
match the thickness of a POPC bilayer. To retain the trans-membrane orien-
tation of the model proteins without adding the soluble domains, we trun-
cated the ends with polar groups. The middle portion was kept non-polar.
We observed via coarse-grained molecular dynamics simulations that the
self-aggregation of the model proteins greatly enhances the rate of formation
of hemi-fused intermediate states. Also, the model-proteins if present in rela-
tively higher concentration drive the attachment of a 20nm size vesicle to a
flat bilayer.
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SNARE proteins mediate membrane fusion in fundamental cellular processes
such as exocytosis. Formation of SNAREpin complexes, from vesicle associ-
ated v-SNAREs and target-membrane associated t-SNAREs, is thought to
trigger fusion. However, the detailed mechanisms remain unclear and widely
varying SNARE requirements for fusion are reported, 2-15 in vivo and 1-11
in vitro. Here we mathematically modeled the collective behavior of SNARE-
pins at the fusion site. The SNAREpins organize into a ring, as indicated by
experiment, and steric interactions between SNAREpins expand the ring and
pull membranes together, while the membranes repel one another through hy-
dration and electrostatic forces. The net effect is a high pressure at the inter-
membrane contact point, sufficient to fuse the membranes should it exceed
the measured pressure threshold for fusion [Wong et al., Biophys J, 1999].
Monte Carlo simulations showed that this pressure fluctuates considerably:
with fewer SNAREpins, the mean pressure was lower, the probability of
super-fusion pressure sharply reduced, and the waiting time for fusion
increased. Thus, consistent with experiment, any number of SNAREpins can
drive fusion, but the waiting time is strongly dependent on that number. For
example, for a typical membrane composition, fast fusion of 50nm vesicles
is predicted to require 11 SNAREpins, but 4 SNAREpins also achieve fusion
~50 times more slowly. We also find that waiting times increase for larger ves-
icles and for longer SNARE linker domains, in qualitative agreement with
studies reporting lower fusion activity with elongated linkers. Our results sug-
gest that fully zippered SNAREs work in concert to trigger fusion, by gener-
ating high local pressures that destabilize membranes into fusion pores. This
naturally explains the widely reported variations in SNARE requirements for
fusion.
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A numerical procedure was developed to calculate the minimum energy
pathway for stalk formation between two flat and parallel lipid bilayer mem-
branes. Bilayers were modeled as axially symmetric, freely deformable sur-
faces with lipid director fields. Energies were obtained by calculating the
elastic energy–splay, tilt, and stretching–of each monolayer, along with undu-
lation and hydration forces that repel membranes from each other. The topolog-
ical transition between the planar and stalk phase was explicitly treated by
allowing the bilayer to form a circular fissure along the axis of symmetry;
the energy of fissure was approximated by the water-hydrocarbon surface
and the area of exposed acyl chains. Generally, stalk formation is not sponta-
neous; it requires that external energy, such as provided by fusion proteins,
be supplied to the bilayers. To quantify the energy required to surmount the
